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van der Waals 
Heterostructure Engineered 
Quantum Anomalous Hall 
Effect
JUSTIN ALVAREZ, KAYLA CERMINARA, JOSHUA ISLAND
COLLEGE OF SCIENCES, DEPARTMENT OF PHYSICS AND ASTRONOMY 
Integer Quantum Hall Effect (IQH)
● Discovered by Klaus von Klitzing in 1980, awarded the Nobel Prize in 1985.
● A 2-D system at low temperature and high magnetic field shows a quantized hall conductance 
(ⅇ2/h).
● This discovery led to a new standard for electrical resistance now measured based on 
resistance quantum given by the von Klitzing constant RK = (ℎ/ⅇ
2) ¹. 
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¹ A. Hartland, “The quantum hall effect and resistance standards,”
29 , 175–190 (1992).
What is the Quantum Anomalous Hall effect 
(QAHE)?
● Quantum Anomalous Hall effect - Similar to IQH except there is no external magnetic field, 
instead the system contains magnetism and spin-orbit coupling. 
● The electrons travel on the boundary of the system with zero longitudnal resistance. 











e Quantum Anamolous Hall effect 
0 0 ct 
00 
Magnetization 
What are van der Waals heterostructures? 
● van der Waals heterostructures are created from 2-D materials (graphene, boron nitride, 
molybdenum disulfide, etc) layered on top of one another held together by the van der Waals 
force between them.
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Fabrication of the devices
● A transfer slide with a cylindrical piece of polydimethylsiloxane 
(PDMS) and tape to form a bubble on the surface of the slide. (Fig 
1.)
● When then add a drop of nail polish to the bubble and start picking 
up and stacking our materials. (Fig 1.)
● After all of the materials are stacked we transfer the entire stack to 
electrodes where we can test its electrical connections. (Fig 2.)
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Fig 1. Fig 2.




● Our goal is to use graphene, molybdenum disulfide (MoS₂), and chromium tri-iodide (CrI₃) van 










² M. Vila, J. H. Garcia, and S. Roche, “Valley-polarized quantum 
anomalous hall phase in bilayer graphene with layer-dependent 
proximity effects,” Phys. Rev. B 104, L161113 (2021).
Measurements of Penetration Field Capacitance 
● The penetration field capacitance is inversely proportional to the electronic compressibility. 
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Preliminary Results 
● We have created multiple graphene/MoS2 devices and have performed measurements of the 
penetration field capacitance.
● a) and c) At 2 Kelvin Cp vs. penetration field (p) and charge density (n) at zero magnetic field.
● b) and d) At 2 Kelvin Cp vs. p and n at 9 Tesla magnetic field.
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Graphene charge neutrality 






















Graphene Quantum Hall Gaps 
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Future Research 
● Create devices incorporating CrI₃ to produce the proximity induced magnetism in graphene.
● A problem with CrI₃ is that it degrades quickly in ambient conditions.
● With these devices we will be able to show an ultra clean technique for creating devices that 
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